We study the novel decays 
In the present paper we study another possible electromagnetic decay, the two-photon On the other hand, in the beauty sector where the B * → B π decay is forbidden by phase space, the g B * Bπ coupling is not directly accessible. And although the B * → B γ decay is experimentally detected, the direct measurement of its strength is an unlikely proposition at present, in view of the smallness of the expected value of its decay width.
However, as we show in this paper, the two photon decay B * → B γ γ branching ra- and on which we concentrate in this paper, there is also the two-photon decay arising from bremsstrahlung in the charged B * + (D * + ) → B + (D + ) γ channel. Since this radiation overwhelms the direct mode, as we will show, one has to resort to the investigation of the neutral modes if one aims for a cleaner determination of the strong couplings.
In section II we review the present status of the main decays of B * and D * , with which the rare two photon decays must be compared. In section III we present the theoretical framework of our approach. Section IV contains the explicit treatment of the decay amplitudes. In the last section we summarize our predictions and we discuss certain features of the calculation.
II. THE EXPERIMENTAL AND THEORETICAL STATUS OF B * AND D *

PRINCIPAL DECAYS
The vector mesons B * were firstly observed [1] by the CUSB collaboration at the Cornell Electron Storage Ring (CESR) by detecting the photon signal from the radiative decay B * → B γ . This signal of 46 MeV photons was confirmed in improved CUSB-II measurements, with the vector mesons produced at CESR at the Υ(5S) resonance [2] . Recently the process B * → B γ has been observed also at LEP with the various detectors [3] This decay has been studied in a variety of theoretical models, including quark models [5] [6] [7] , the chiral bag model [8] followed by effective chiral Lagrangian approaches for heavy and light mesons [9] [10] [11] , potential models [12, 13] and QCD sum rules [14, 15] . [8] , with most of the calculations [6, 7, 9, 15] giving values closer to the larger values of Ref. [8] .
The D * meson was discovered more than twenty years ago [16] and has been subsequently studied in several experiments at different accelerators e.g. [17] [18] [19] [20] [21] [22] . 
(38.1±2.9)%. The most recent experiment on D * + decays [21] gives more accurate branching ratios for the three decay channels as follow (30.7 ± 0.7)% : (67.6 ± 0.9)% : (1.7 ± 0.6)%.
Although there are, by now, good data on the branching ratios, there is still no absolute measurement of any of the partial decay widths. The tightest upper limit has been established by the ACCMOR Collaboration at CERN [22] from the measurement of 127 D * + events using a high-resolution silicon vertex detector, to be Γ(D * + ) < 131 KeV. The other closest limit, obtained by the HRS collaboration [18] , gives upper limits of 1.1 MeV and 2.1
MeV for the total decay widths of the charged and neutral D * s.
The decays of D * have also been treated extensively in a plethora of theoretical models.
Many of the papers we mentioned concerning the B * decay [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] discuss also the D * decays.
In addition, we want to mention the early approaches [23, 24] with effective Lagrangian including symmetry-breaking, a relativistic quark model [25] , the study of D * decays using the chiral-bag model which contains pion exchange effects (pion loops) [26] , the use of QCD sum rules [27] , a chiral model with M c → ∞ [28] and the comprehensive analysis of Kamal and Xu [29] . Recently [30] , the strength of the various decay channels of D * has been extracted from an analysis of the experimental branching ratios by the use of the chiral perturbation theory.
In the D * case, the theoretical calculations again span an order of magnitude range for the prediction of the absolute decay widths, from a small width of Γ(D * 0 ) (3 − 10) KeV [14, 28] to Γ(D * 0 ) (60 − 120) KeV [9, 24, 25] , including fairly large uncertainties. It should be emphasized at this point that the chiral bag calculation (χ) has offered the best estimation for the branching ratios [26] Br
.2% : 67.5% : 1.3% and Br
The recent experiments have confirmed [4, 21] these relative ratios and dispersed the puzzling features which prevailed previously concerning the radiative branching ratio and the relative ratios of D * + strong channels (see, e.g. Ref. [29] The relevant interaction term of the HMχL, representing the coupling of heavy mesons to an odd number of pions, is given by [31, 32 ]
where the axial current A µ is
and ξ = exp(iM/f ), with M being the usual 3×3 matrix describing the octet of pseudoscalar Nambu-Goldstone bosons. The axial coupling constant g is one of the basic parameters of HMχL, which is of direct import to our problem. a, b denote light quark flavours (a, b=1, 2, 3) and f is the pion decay constant, f = 132 MeV. Expanding the axial current and using the 
The dimensionless B * Bπ coupling is defined as [34] 
where µ is the polarization vector of B * , with the physical coupling given by the limit
We use the same normalization convention as in [34] .
Throughout this work, we assume that the variation of g B * Bπ with q 2 in the region of our treatment can be safely neglected. Likewise, we define
with the same remarks as above.
We also note that the isospin symmetry requires
and the g B * Bπ so defined is the commonly used in the literature.
The (3.7) relation holds similarly for
, using the definition (3.5) one has 
where µ is the strength of this anomalous magnetic dipole interaction, having mass dimension
Additional terms arising from an 1/M H expansion exist [30, 35] , however several of them, including the radiation of the heavy quark can be absorbed in equation (3.9) by redefining µ.
In the present paper, we shall consider µ as an effective coupling, representing the strength
Expanding H in terms of the components, one obtains for the additional electromagnetic interaction
which exhibits B * Bγ and B * B * γ couplings with equal strength, as given by the heavy quark symmetry. From (3.10) we obtain the respective vertices, which are
The propagator of the heavy vector meson is given by (Fig.3) . This graph depends only on the µ magnetic moment. Finally we have a class of one loop diagrams which involve both the magnetic moment and the strong coupling, which is exhibited in Fig.(4-6) . We did not include the contribution of diagrams containing three heavy meson propagators which is negligible. Needless to say, the determination of g B * Bπ would be simpler, should the first two graphs dominate. However, this is not true for D * decay, while it can be true for the B * decay for an opportune range of parameters as we discuss in the next section.
We remark at this point that corrections to (3.2) which arise from higher terms in the 1/M H expansion as well as in chiral breaking have also been investigated [30, 34, 36, 37] . A comprehensive inclusion of these corrections in the calculation of the two-photon decays of heavy vector mesons is beyond our scope in this first treatment of these processes. Nevertheless, we note that we shall use physical masses for the degenerate doublet of heavy mesons both in the loop propagators and in the decay calculations, moreover the chiral loops included are themselves of order 1/M H . The terms we include are the leading ones in chiral perturbation theory, and are of the same order in an 1/N c expansion; moreover to this order there are no counterterms [38] .
It is appropriate to mention now that the g B * Bπ , g D * Dπ couplings were estimated in recent years by the use of a variety of theoretical techniques, like QCD sum rules [14, 27] , soft pion approximation [39] and other methods [9, 10, 30, 36, 37, 40] . Generally, the values of g obtained in these works are in the range g = 0.25 − 0.7, significantly smaller than the quark model result of g = 1 or of modified quark models [24, 41, 42] which brought this value slightly below one. The most recent determinations of g include an analysis [34] of various theoretical approaches which leads to a "best estimate" of g = 0.38, a recent lattice determination giving 0.42(4)(8) [43] and the analysis of Stewart [30] which incorporates symmetry breaking terms in the Lagrangian and obtains g = 0.27
Finally, the experimental limit Γ(D * + ) < 131 KeV [22] puts an upper limit of g < 0.71,
The existing theoretical estimates we mentioned, give 0.04KeV
, where we allowed for a slightly higher upper limit. We redefine the magnetic coupling in eq. 
IV. THE DECAY AMPLITUDES.
We present now the explicit expressions of the decay amplitudes, which in our approach, to leading order in chiral perturbation theory, consist of the contribution of the anomaly graph ( Fig. 1) , the tree level graph (Fig.3 ) and the loop graphs (Figs. 2,4-6 ).
In presenting the differential decay distribution, we use the following variables:
where k 1 , k 2 are the four momenta of the two photons and p, p are the four-momenta of the decaying B * and the final B respectively. The allowed ranges for s and t are
3)
The amplitudes are given for B * 0 → B 0 γ γ and we shall remark on the changes appearing in D * 0 → D 0 γ γ whenever required. The amplitude from the anomaly graph, mediated by a pion is: For the tree level graph we find
The loop contribution which depends only on the strong coupling is given by a sum of several diagrams. In addition to that explicitly shown in Fig.2 there are diagrams with one photon radiated by the virtual pion in the loop and the other emitted from the B * B * π, B * Bπ vertices or both photons emitted from these vertices, or both photons emitted from the loop by the ππγγ vertex. In the limit of photon momenta small compared to the pion mass, which we find to be a suitable approximation, the class of diagrams of Fig.2 gives
Finally other loop contributions to the B * → B γ γ decay come from diagrams where both the strong coupling and the magnetic one are involved. There are diagrams with one photon radiated by the virtual pion in the loop and the other emitted from the ingoing B * particle through the B * B * (B)γ vertices (Fig.4) , or from the outgoing particle B * which becomes B through the B * Bγ vertex (Fig.5) , or from the B in the loop which becomes B * through the B * Bγ vertex (Fig.6 ).
The amplitude corresponding to Fig.4 with a B * B * γ vertex is:
The amplitude corresponding to Fig.4 where a B * Bγ vertex replaces the B * B * γ appearing in Fig.4 , is
The amplitude corresponding to Fig.5 with B in the loop is:
and the one with B * in the loop is
Finally the amplitude corresponding to Fig.6 is: The square of the above amplitude, when averaged over the initial spin and summed over the final spins is: In this case we can relate the magnetic coupling to the strong coupling using the existing
γ ) of (61.9 ± 2.9)% : (38.1 ± 2.9)%, which gives rise to the relation:μ 6.6g, and Γ(
of (67.6 ± 0.9)% : (1.7 ± 0.6)%, which gives rise to the relation:μ + 1.7g. Then we can write the decay width solely as a function of g, which is a crucial step in the engagement of this decay as a tool for measuring g. We used in eqs. This ambiguity will be further discussed in the next section. The difference between the rates of B * and D * is mainly due to the different phase space.
In discussing the two photon radiative decays, we shall refer in the next section to the following quantities
V. DISCUSSION AND CONCLUSIONS.
The formalism we have presented refers to the decays of the neutral heavy vector mesons B * 0 , D * 0 , as it will the numerical analysis of our results, which will be given below. For the charged decays, B * + → B + γ γ and D * + → D + γ γ one has to consider also the bremsstrahlung emission which appears in diagrams of Fig.3 and Fig.4 and additional ones.The bremsstrahlung radiation comes from the initial or the final charged particles. To
give an idea of this effect we have calculated the part of the bremsstrahlung amplitude which is due to radiation from the final B + particle in the amplitude Thus, we concentrate here on the "safer" neutral decays and we relegate the discussion of the charged decays to a separate work, in which we consider the usefulness of Γ(
for the determination of g B * + B + γ [45] .
We proceed now to analyse the results on the two decays separately and we start with The most promising feature of the present analysis arises when we use the existing experi- 
and the (61.9 ± 2.9)% : (38.1 ± 2.9)% relative branching ratio, we arrive at
Thus from (5.4) with (4.17) we can obtain a branching ratio which depends on g 2 only: However even if we assume opposite sign for various pairs of the couplings, we found that the changes are rather small, and this is explicitly exhibited in Table 2 , and included in Eq.(5.6).
The differential distribution in the s-variable can also be used to learn about the value of g, due to the fact that the different contributions depend on different powers of g. Finally we remark that the contributions from the diagrams exhibited in Fig.4 are rather small, as a result of two heavy propagators. The main contributions are those of the anomaly and of the graphs of Fig.(2) and (3). In Figs. (7) and (8) we present the differential distributions in s for g = 0.7 and g = 0.25. In the latter, the contributions containing a higher power of g are diminished and the effect of the anomaly becomes visible in the higher end of the spectrum. 
there is the complication of the bremstrahlung and we shall disregard it here.
We calculated therefore only the B * 0
s γγ decay, and the situation is quite similar to that encountered in B * 0 decay; therefore we do not repeat this analysis here.
Before concluding we comment on a few points which were neglected in our treatment. 
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